Background: Increased smartphone use among minors makes our population more prone to electrical injury. Despite regulations on electrical home safety standards, smartphones and chargers still pose a risk for severe injury among users. Case presentation: We present a case of a patient with low-voltage electrical burns due to smartphone use in a bathtub. The 13-year-old Caucasian patient was using a smartphone plugged into the electrical grid while taking a bath. We report the burns and their treatment. We discuss the likely burn mechanism. Conclusions: Burn wounds after electrical injury due to smartphone use are rare. The presented case shows the danger of smartphone use in bathtubs.
Background
Risks of electrical devices in household use are underestimated. Although products are thoroughly tested and certified, they pose a great danger if used inappropriately. Electrical injuries can be caused by low-voltage electric current (50-1000 V) and high-voltage electric current (> 1000 V). Electrical injury in children usually occurs at home and is most commonly caused by lowvoltage current [1] [2] [3] . Most electrical injuries in adults are work-related injuries and are a repeatedly described cause of occupation-related death [2, 4] . A severe electrical burn injury can cause destructive injury with high morbidity, lifelong scars, and even death [5, 6] .
In children, most injuries occur in the home environment [6] [7] [8] . Despite regulations on electrical home safety standards, smartphones and chargers still pose a risk for severe injury among users. Few articles have been published concerning these health risks.
Recently, media reports have shown that accidents as a result of smartphone use occur. Even smartphone injuries leading to death have been reported [9] [10] [11] [12] [13] . Increased smartphone use among minors might be the reason our population is more prone to these risks. The aim of this case report is to raise awareness of this topic and to evaluate considerations for treatment.
Case presentation
A 13-year-old Caucasian girl with a deep burn injury was referred to our burn center. She had no medical history. She had held a charging smartphone in her right hand while taking a bath. After hearing a loud scream, the mother of the patient disconnected the charger from the sparkplug and took her daughter out of the bath.
According to the mother, the patient was briefly unconscious and showed muscle contractions. After receiving a precordial thump, the patient became responsive again.
The patient was evaluated according to the Advanced Trauma Life Support guidelines and was founded to be stable both with regard to respiration and hemodynamically.
Further physical examination showed two deep burns: (1) a circumscribed, oval-shaped lesion of approximately 1 × 1 cm, with a central zone of pallor on the palmar side of the hand between thumb and index finger, and (2) a stripe-shaped laceration of the skin of approximately 1 × 12 cm, on the abdomen, near the epigastric region, surrounded by a zone of hyperemia ( Fig. 1 ). The patient's total body surface area burned was less than 0.5%.
The patient's serum creatinine kinase (CK) level was 1294 U/L, which is severely elevated. No abnormalities were seen in electrocardiograms. The patient was admitted to the pediatric ward for observation and a tertiary survey. The day after admission, her CK level was slightly elevated to 1400 U/L. Her urine was tested for myoglobinuria but showed no signs of rhabdomyolysis. Furthermore, the patient had no complaints or other abnormalities at the tertiary survey and was therefore discharged to home at on postburn day 2.
Owing to amnesia, the patient failed to give a detailed reconstruction of the moment of injury. Muscle twitches, the severity of the burns, and muscle decay (elevated CK level) indicated that an alternating current with 240 V caused the electrical injury, which is the standard voltage in the Netherlands. There has probably been direct conductance between main voltages from the spark plug to a grounded element in the bathtub, such as the drain. Another explanation is that the current flowed over the outer side of the charging cable, which was moist, to the patient. Moist skin is more vulnerable to electrocution injury because of decreased resistance.
Initially, the burns were treated conservatively with silver sulfadiazine cream, which was altered to fusidic acid cream after 1 week. This treatment was adequate for the burn wound on the hand because this was healing. After 21 days, the abdominal burn had healed insufficiently. Therefore, surgical resection and transposition of the skin were performed (Fig. 2 ). This resulted in satisfactory healing with little scarring.
Discussion and conclusions
This case report describes the effect of electrical injury resulting in deep burn wounds. In children, most electrical injuries occur in the home environment and are caused by low-voltage electric current. Children are prone to this injury while playing with faulty electrical devices or misusing them [14] . It is clear that smartphone use among children has become increasingly popular. The prevalence of electrocution due to misuse of smartphones can probably be explained by both lack of supervision and lack of awareness among users.
The severity of burn injury due to electrocution depends on the factors of electricity and the human body [15] . The type and intensity (that is, voltage) of current, the location and duration of contact on the body, and the organs are affected are factors [14, 16] . In addition, human and environmental factors such as physical and nutritional state and humidity can influence the resistance of the skin. Tissues such as fat, bone, and skin have relatively high resistance to electricity and therefore tend to increase in temperature and coagulate [2, 5] . The impact of the electrocution can increase if the skin is wet or if the electrocution occurs in a humid environment [2, 15] . This can be explained by Ohm's law, in which the current is inversely proportional to resistance. All clinicians should be aware of these factors when reconstructing the mechanism of injury. Moist skin may receive a less superficial thermal injury but allows more current into the body. Therefore, the risk of damage to internal organs increases [6] .
Serum CK level and signs of myoglobinuria should be investigated directly after presentation at the emergency department and can indicate internal damage. Limitations on the specificity and sensitivity of the tests as mentioned above, as well as serum myoglobin, should be considered before using these tests to investigate muscle ischemia and cell breakdown [17] . Also, serum levels of lactate dehydrogenase, transaminases, and potassium and blood level of phosphorus could indicate risk of renal morbidity and should be considered for testing [17] . Although our patient showed no signs of myoglobinuria, we did not rule out mild rhabdomyolysis, which was most likely the cause of her elevated CK level [18] .
The severity of burn injury caused by an electric current is dependent on multiple factors, which should be taken into account when diagnosing and treating patients with electrical injuries. We emphasize that many injuries could be avoided by proper education and precautionary measures, which often involve a commonsense approach [6, 8] . However, prevention strategies should be used to educate parents and schools of young children regarding the safe use of portable household devices and electrical cords. Older school-aged children should be educated at school [19, 20] .
If household electrical devices are used in bathrooms, users must be aware of safety hazards, and the devices must comply with safety regulation standards. Nonetheless, electrical appliances or cords should never be plugged in near water and should never be in contact with a wet environment [21] .
Abbreviation CK: Creatine kinase
